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WHAT IS CLAIMED: 



1 . A compound having the formula: 





wherein 

and are the same or different and are selected from the 
group consisting of substituted or unsubstituted alkyl or substituted or 
unsubstituted aryl moieties, 

A and B are substituents of their rings and are each 
i independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 
Y is a counterion 

2. A compound according to claim^,- wherein Y is a iodide. 

3. A compound according to claim,!, wherein Y is tetraphenylborate. 

4. A compound according to cl^m 1, wherein A and B are hydrogen and 
Ri, R2, and R3 are the same or different and are selected from the group consisting of 
unsubstituted alkyl, hydroxyalkyl, sulfoalkyl, and carboxyalkyl. 



5. A compound according to claim 4, wherein R2 is unsubstituted alkyl and 
Ri and R^ are selected from the group consisting of hydroxyalkyl, sulfoalkyl, and 
carboxyalkyl. 



6. A compound according to claim 4, having the formula 
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CH, 



(+) 



HOCH2CH2 




(-) 

BCCgHg)/ 



CH2CH3 



A compound according to claim 4, having the formula: 




H3C N 




A compound according to claim 4, having the formula: 




HOCH2CH2 N 




CH2CH2OH 



CH2CH3 



A compound according to claim 4, having the formula: 



HOCH2CH2 N 




C±)i 



(CH2)^S03-^ 



CH2CH3 




10. A composition comprising: 
a matrix material and 
a compound having the formula: 




wherein 

D is an electron donating group; 

Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 




r 



and 




W is an electron accepting group, 

is selected from the group consisting of substituted or 
unsubstituted alkyl or substituted or unsubstituted aryl moieties, 
n is an integer from 0 to 4, 

A, B, and C are substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 

Y is a counterion 



dispersed in said matrix. 



1 L A composition according to claim 10, wherein n is 0; A is hydrogen; D 
is an amine having the formula NR^R^; R» and R^ are the same or different and are 
selected from the group consisting of substituted or unsubstituted alkyl or substituted or ^ 
unsubstituted aryl moieties; and Q has the formula: 
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SOj -R 



12. A composition according to clainfl 1, wherein is 2-hydroxy ethyl, 
is methyl, and R^ is 6-hydroxyhexyl. 

cla^in^O, 



13. A composition according to clafin 10, wherein said compound has the 



formula: 





0,r 



wherein 

Ri and R^ are the same or different and are selected from the 
group consisting of substituted or unsubstituted alkyl or substituted or 
unsubstituted aryl moieties. 

.14. A composition according to claim 13, wherein Y is tetraphenylborate. 




15. A composition according to claim 13, wherein A and B are hydrogen 
and R^ R^, and R^ are the same or different and are selected from the group consisting 
of unsubstituted alkyl, hydroxyalkyl, sulfoalkyl, and carboxyalkyl. 

16. A composition according to clairnJ^ wherein R^ is unsubstituted alkyl 
and Ri and R^ are selected from the group consisting of hydroxyalkyl, sulfoalkyl, and 
carboxyalkyl. 

17. A composition according to clairrTlO, wherein said matrix material is a 
polymer. 




18. A composition according to claim 17, wherein the polymer is selected 
from the group consisting of a polyurethane, a polyester, a polyalkyacrylic acid or ester, 
■ an epoxy, a polyimide, a polyamide, a phenal -formaldehyde polymer, a urea- 
formaldehyde polymer , a melamine-formaldehyde polymer, and mixtures thereof 
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19. A composition according to claim 10, wherein said matrix material is a 

glass. 

/ 

20. A composition according to claim 10, wherein said matrix material is a 

liquid. 

21 . A composition according to claim 10, wherein said compound is present 
in said matrix material in a concentration from about^O.OOl M to about 0.1 M. 

22. A composition according to claim 21, wherein said compound is present 
in said matrix material in a concentration from about'0.0015 M to about 0.01 M. 

23. A composition according to claim 10, wherein the composition is a free 
standing film. 

24. A composition according to claim 23, wherein the film is from about 
0.001 to about 1 mm thick. 



25. A composition according to claim 10, wherein said composition forms a 
coating on a substrate. 

26. A composition according to claim 25, wherein the coating is from about 
0.01 to about 0.05 mm thick. 

/ 

21, A composition according to claim 10, wherein said composition forms a 

fiber. 

28. A composition according to claim 10, wherein said composition forms a 
three dimensional solid having at least two parallel sides separated by a distance from 
about 2 to about 20 mm. 

29. A method of detecting infrared radiation comprising: . 

placing a compound having the formula: 
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wherein 

D is an electron donating group; 

Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 




and 




W is an electron accepting group, 

R3 is selected from the group consisting of substituted or 
unsubstituted alkyl or substituted or unsubstituted aryl moieties, 
n is an integer from 0 to 4, 

A, B, and C are substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 

Y is a counterion 

at a location potentially exposed to the infrared radiation and 

evaluating whether the compound has been exposed to the 
infrared radiation at the location. 



30. A method according to claim 29, wherein n is 0; A is hydrogen; 
D is an amine having the formula NR^R^; R* and R2 are the same or different and are 
selected from the group consisting of substituted or unsubstituted alkyl or substituted or 
unsubstituted aryl moieties; and Q has the formula: 
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31. A method according to claim 3^, wherein Ri is 2-hydroxyethyl, is 
methyl, and R^ is 6-hydroxyhexyl. 



formula: 



32. A method according to claini 29, wherein the compound has the 




wherein 

Ri and R^ are the same or different and are selected from the 
group consisting of substituted or unsubstituted alkyl or substituted or 
unsubstituted aryl moieties. 



33. A method according to claim 32, wherein Y is tetraphenylborate. 

34. A method according to claim'32, wherein A and B are hydrogen and R^ 
R2, and R^ are the same or different and are selected from the group consisting of 
unsubstituted alkyl, hydroxyalkyl, sulfoalkyl, and carboxyalkyl. 

35. A method according to claim34, wherein R^ is unsubstituted alkyl and 
Ri and R^ are selected from the group consisting of hydroxy alky 1, sulfoalkyl, and 
carboxyalkyl. 

/ 

36. A method according to claim 29, wherein the compound is dispersed in 
a matrix material. ^ 

37. A method according to claim 36, wherein the matrix material is a 
polymer. 
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38. A method according to claim 37, wherein the polymer is selected from 
the group consisting of a polyurethane, a polyester, a polyalkyacrylic acid or ester, an 
epoxy, a polyimide, a polyamide, a phenal-formaldehyde polymer, a urea- 
formaldehyde polymer, a melamine-formaldehyde polymer, and mixtures thereof. 

39 A method according to clainTse, wherein the matrix material is a glass. 

40. A method according to claim 36, wherein the matrix material is a liquid. 

41 . A method according to claim36, wherein the compound is present in the 
matrix material in a concentration from about^.OOl M to about 0.1 M. 

42. A method according to claim 41, wherein the compound is present in the 
matrix material in a concentration from about 0.0015 M to about 0.01 M. 

43. A method according to claim 29, wherein the infrared radiation has a 
wavelength from about 700 to about 1300 rmi. 




44. A method according to clainr29, wherein the infrared radiation is laser 
radiation produced by a Nd- YAG laser. 

45. A method of detecting cross-sectional shape of an infrared laser beam 
comprising: 

^ detecting infrared radiation in accordance with the . method of 

claim 29 at various locations potentially exposed to an infrared laser beam and 

correlating the infrared radiation detected at the various locations 
to the cross-sectional shape of the infrared laser beam. 

46. A method of detecting cross-sectional intensity profile of an infrared 

laser beam comprising: 

^^y^ detecting infrared radiation intensity in accordance with the 
method of claim 29 at various locations potentially exposed to an infrared laser beam 
and 

correlating the infrared radiation intensity detected at the various 
locations to the cross-sectional intensity profile of the infrared laser beam. 

47. A method of detecting a temporal intensity profile of an infrared laser 
beam comprising: 
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detecting infrared radiation intensity at a location potentially 
exposed to an infrared laser beam in accordance with the method of claun 29 at various 
times and 

correlating the infrared radiation intensity detected at the various 
times with the temporal intensity profile of the infrared laser beam.. 

48. A method for reducing intensity of infrared radiation comprising: 
providing a compound having the formula: 




wherein 

D is an electron donating group; 

Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 

and 




W is an electron accepting group, 

R3 is selected from the group consisting of substituted or 
unsubstituted alkyl or substituted or unsubstituted aryl moieties, 
n is an integer from 0 to 4, 

A, B, and C are substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 

Y is a counterion 



and 
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passing infrared radiation through the compound, whereby the 
compound reduces intensity of the infrared radiation. 




49. A method according to claim 48, wherein n is 0; A is hydrogen; D is an 
amine having the formula NRiR^; Ri and R^ are the same or different and are selected 
from the group consisting of substituted or xinsubstituted alkyl or substituted or 
unsubstituted aryl moieties; and Q has the formula: 




SO2 -R^ 



50. A method according to claim 49, wherein R^ is 2-hydroxyethyl, R^ is 
methyl, and R^ is 6-hydroxyhexyl. 




51. A method according to claini 48, wherein the compound has the 
formula: 





r2 



wherein 

Ri and R^ are the same or different and are selected from the 
group consisting of substituted or unsubstituted alkyl or substituted or 
unsubstituted aryl moieties. 

52. A method according to claim 5 1 , wherein Y is tetraphenylborate. 

53. A method according to qX^lSX, wherein A and B are hydrogen and Ri, 
R2, and R^ are the same or different and are selected from the group consisting of 
unsubstituted alkyl, hydroxy alkyl, sulfoalkyl, and carboxyalkyl. 
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54. A method according to claim 5§7wherein is unsubstituted alkyl and 
Ri and R^ are selected from the group consisting of hydroxyalkyl, sulfoalkyl, and 
carboxy alkyl. 

55. A method according to claiin48/wherein the compound is dispersed in 
a matrix material. 

56. A method according to claim 55, wherein the matrix material is a 
polymer. ^^^^^ 

57. A method according to claim 56, wherein the polymer is selected from 
the group consisting of a polyurethane, a polyester, a polyalkyacrylic acid or ester, an 
epoxy, a polyimide, a polyamide, a phenal-formaldehyde polymer, a urea- 
formaldehyde polymer , a melamine-formaldehyde polymer, and mixtures thereof. 



58. A method according to claim 55, wherein the matrix material is a glass. 

59. A method according to claim 55, wherein the matrix material is a liquid. 



60. A method according to claim 55, wherein the compound is present in the 
matrix material in a concentration from about 0.001 M to about 0,1 M. 

61 . A method according to clafrn60, wherein the compound is present in the 
matrix material in a concentration from about 0.0015 M to about 0.01 M. 

62. A method according to claiin48, wherein the infrared radiation has a 
wavelength from about 700 to about 1300 nm. 



63. A method according to claim 48, wherein the infrared radiation is laser 
radiation produced by a Nd- YAG laser. 

64. A method for protecting a sensitive infrared detector from damage 
caused by intense radiation comprising: 

. reducing intensity of infrared radiation according to the method 

of claim 48 by placing the compound between the sensitive infrared detector and a 
source of infrared radiation. 

65. An device for detecting infrared radiation comprising: 

an infrared detector and 
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a window comprising a compound according to clEiim 1 
positioned at a location where incident infrared radiation passes through the window 
prior to entering said detector. 

^< Eye wear having transparent surfaces containing a compoxmd according 
to claim 1 . 

67. A method for converting infrared radiation to visible radiation 
comprising: 

providing a compound having the formula: 




Q 



Y 



wherein 

D is an electron donating group; 

Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 




and 

B 




W is an electron accepting group, 

is selected from the group consisting of substituted or 
unsubstituted alkyl or substituted or unsubstituted aryl moieties, 
n is an integer from 0 to 4, 

A, B, and C are substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 
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Y is a counterion 

and 

exposing the compound to infrared radiation, whereby the 
compound converts the infrared radiation to visible radiation. 

68. A method according to claim'67^herein n is 0; A is hydrogen; D is an 
amine having the formula NRiR^; and R^ are the same or different and are selected 
from the group consisting of substituted or unsubstituted alkyl or substituted or 
unsubstituted aryl moieties; and Q has the formula: 




69. A method according to claim 
methyl, and R^ is 6-hydroxyhexyL 



70. A method according to claim] 67, v^herein the compound has the 
formula: 




wherein 

Ri and R^ are the/^ sa 
group consisting of sutptit 
unsubstituted aryl moi' 



68, wherein R^ is 2-hydroxyethyl, R^ is 



e or different and are selected from the 
or unsubstituted all^yl or substituted or 



71 . A method according to cljkim 70, wherein Y is tetraphenylborate. 



72. A method according to dlaim 70, wherein A and B are hydrogen and R^ 
R2, and R^ are the same or different anA are selected from the group consisting of 
unsubstituted alkyl, hydroxyalkyl, sultbalkyi, and carboxyalkyl. 



ROC 10:93599 




- 137- 



73 . A method according to clairrTTfTyherein is unsubstituted alkyl and 
and R^ are selected from the group consisting /of hydroxy alkyl, sulfoalkyl, and 

carboxy alkyl. 

74. A method according to clairfi 67/ wherein the compound is dispersed in 
a matrix material. 

75. A method according to claim 74, wherein the matrix material is a 
polymer. 

76. A method according to clair^^, wherein the polymer is selected from 
the group consisting of a polyurethane, a j^olyester, a polyalkyacrylic acid or ester, an 
epoxy, a polyimide, a polyamide, a phenatl-formaldehyde polymer, a urea- 
formaldehyde polymer , a melamine-formaldehyde polymer, and mixtures thereof. 



77. A method according to claim 74, wherein the matrix material is a glass. 

/ / 

78. A method according to/claim 74, wherein the matrix material is a liquid. 

79. A method according to claimS(4, wherein the matrix material is a glass 
or a polymer in the form of ifn opticil fiber. 

80. A method according to Vlaim 74, wherein the matrix material is a glass 
or a polymer in the forrRj^oTa^^ dimehsj onal ^ gUd^tiaving at least two parallel sides 
separated by a distance from 2 to GO mm. 

/ y 

81. A method according to claim 74, wherein the compound is present in the 
matrix material in a concentration from about 0.001 M to about 0.1 M. 



82. A method according to claim 81, wherein the compound is present in the 
matrix material in a concentration from about 0.0015 M to about 0.01 M. 

83 . A method accbrding to claim^T; wherein the infrared radiation has a 
wavelength from about 700 to about 1300 nm. 

84. A method according to claim 67, wherein the infrared radiation is laser 
radiation produced by a Nd- YAG laser. 
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85. A method according to claun 67, wljerein the visible radiation is 
coherent. 



86. A method according to claim 67, vfherein the visible radiation is 
incoherent. 

87. A method according to claim 67, /wherein the visible radiation has a 
wavelength from about 350 to about 680 nm. 

88. A laser comprising: 

a source capable of producing infrared radiation and 
a compound according to cl^m 1 positioned at a location where 

infrared radiation from said source exposes^said compound, whereby said compound 

converts the infrared radiation to visible radiation. 

a glass having pores, the pores having a pore surface; 
a coating material on the pore surface; and 
a polymeric ma terial in the pores. 

90. A composite acoording to claim 89, wherein the pores have an average 
diameter of from about 20 to about 500 A. 

91. A composite accor^ngs^claim^9t^herein said glass has a specific 
surface area of from about 200tp^about 1000 mVg of glass. 

/ ^ 

92. A composite according to claim 89, wherein said glass has a pore 
volume of from about 20 to about 80 %. 

93. A composite according to claim 89, wherein said glass is a silica glass. 

/ ^ ^ 

94. A composite according to claim 89, wherein said polymeric material is 

I 

poly (methyl methacrylate). j 



95. A composite Recording to claim 89, wherein said polymeric material 
fills the pores. 

96. A composite according to claim 89, wherein said coating material is 

/ 

optically responsive. ^ 
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97. A composite according to clainj| 96, wherein said optically responsive 
coating material has a nonlinear optical response. 

98. A composite according to cl^m^p, wherein said optically responsive 
coating material is a laser dye. 

99. A composite according to cliim 98, wherein the laser dye is trans-4-[p- 
(N-ethyl-N-hydroxyethylamino)styryl]-N-Hydroxyethylpyridiriium iodide, 

100. A composite according to daim 98, wherein the laser dye is present in a 
concentration of from about lO'^ to about flO-i mg/cm^ of said glass. 

101. A composite according to Iclaim 96, wherein said optically responsive , 
coating material is an optical power limiter. 



1 02. A composite according t(| claim 101, wherein the optical power limiter 
is a fuUerene, 

103 A composite according tb claim 102, wherein the fuUerene is C^q. 



104. A composite accordi 
a disperse 



:o claim 59, further comprising: 
Latdrial in said polymeric material. 



105. A composite ^cordin] 
optically responsive. 



1 06. A composite according 
dispersed material has a non-linear 



^(ohk^m^ said dispersed material 



is 



to claim 105, wherein said optically responsive 
response. 



Of tical 



107. A composite according io claim 105, wherein said optically responsive 
dispersed material is a laser dye. 

108. A composite accorjfling to claim 107, wherein the laser dye is 
Rhodamine G. 

109. A composite ac^rding to claim 107, wherein the laser dye is present in 
a concentration of from aboutflO-'^ to about lO'i mg/cm^ of said glass. 
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110. A composite according to claim 104, wherein said coating material is a 
first laser dye and said dispersed material is a second laser dye. 

111. A composite according toHairrTu^, wherein one of said first laser dye 
and said second laser dye quenches the other laser dye's optical response when said furst 
laser dye and said second laser dye are im a sing^esoiution. 

1 12. A composite according to claim 105, wherein said optically responsive 
dispersed material is an optical power limiter. 



an optically responsive composite comprising: 
having pores, the pores having a pore surface 



113. A process for producing 
pro viding a glass 
coated with an optically responsive coating material; 

infusing a monomeric material into the pores; and 

I 

permitting the nionomeric material to polymerize to produce a 
polymeric material within the pores 



114. A process according to. 



claim 113, further comprising: 



infusing an optically responsive dispersed material into the pores 

I 

prior to said permitting the monomer jto polymerize. 

115. A process according to ciain/ 1 14, wherein said infusing the monomeric 
material and said infusing ftie optically rbsponsive dispersed material is effected 

/ f yt 

simultaneously by infusint a compositicm comprising the ni^Hfomeric material and the 
optically responsive dispers^m^tmal l^to the pores. 

116. A process according to claim 113, wherein said providing comprises: 

providing a glass having pores, the pores having a pore surface 

and 

coating the/optically responsive coating material on the pore 

surface. 



117. A process according to claim 1 1 6, wherein said coating comprises: 

providing a composition comprising a solvent and an optically 

responsive coating material; ^ 

contacting the glass with the composition under conditions 

effective to infuse the solvent and the optically responsive coating material into the 

pores of the glass; and I 

rempving the solvent. 
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118. A process according to claim 116, wherein said providing a glass having 

pores comprises: I 

hydrolyzing androolycondensing one or more alkoxide 
precursors to form a sol comprising a ylurality of particles suspended in a liquid; 

cross-linking the particles to form a gel; 

aging the gel t J form an aged gel; 

removing the liquid from the aged gel to form a dried, aged gel; 



and 



stabilizing the 



119. A process according 
coating material is substantially insc 
polymeric material. 



lo claim 113, wherein the optically responsive 
uble in the monomeric material and in the 



120. A process according 
diameter of from about 20 to about 



dried, aged gel to produce the glass having pores. 



to claim 113, wherein the pores have an average 
500 A. 



121. A process according to claim 113, wherein the glass has a specific 
surface area of from about 200 to a,bout 1000 mVg of the glass. 

122. A process according to claim 113, wherein the glass has a pore volume 
of from about 20 to about 80 %y 

123. A process acobrdirlg\o claim 113, whereiiHiie glass is a silica glass 



124. A process ao 
methyl methacrylate. 




to claim 113, wherein the monomeric material is 



125. A process according to claim 113, wherein the polymeric material fills 
the pores. 



126. A process according to claim 113, wherein the optically^responsive 
coating material has a nonlinear optical response. 



127. A process accorcjfing to claim 113, wherein the optically responsive coating 
material is a laser dye. 
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128. A process according to clafim 127, wherein the laser dye is trans-4-[p- 
(N-ethy l-N-hydroxyethylainino)styry 1] -^-hy droxyethy Ipy ridinium iodide. 

129. A process according to dlaifn^27, wherein the laser dye is present in a 
concentration of from about 10-'^ to abdut IQ-i^g/cni^ of said glass. 

130. A process according to /claim 113, wherein the optically responsive 
coating material is an optical power lycniter. 

131. A process according to claim 130, wherein the optical power limiter is a 
fuUerene. 

132. A process according to claim 131, wherein the fuUerene is C^q. 

133. A process according to claim 1 14, wherein the optically responsive 
dispersed material has a non-linear optical response. 



1 34. A process according to claim 1 14, wherein the optically responsive 
dispersed material is a laser dye. 



135. A process according to claim 134, wherein the laser dye is Rhodamine 



136. A procesi acc(irding/to cteij3^3^^ laser dye is present in a 

concentration of from abVt Jo'^yfo about 10-^ mg/cm^ of the glass. 



137, A process according to claim 1 14, wherein the optically responsive 
coating material is a first laser dye and the optically responsive dispersed material is a 
second laser dye. 

138. A process according to claim 137, wherein one of the first laser dye and 
the second laser dye quenches the other laser dye's optical response when the first laser 
dye and the second laser dye are in a single solution. 



1 39. A process According to clairfi 1 14, wherein the optically responsive 
dispersed material is an Optical power limiter. 

140. A method for reducing intensity of radiation comprising: 
/providing a composite according to claim/lOl and 
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passing radiation through thi^composite, whereby the composite 
reduces intensity of the radiation. 

141 . A method according to claim 140, /wherein the composite further 
comprises a nonlinear dispersed material in the pfalymeric material. 



142. A device for detecting radiation Comprising: 

a detector and 

a window comprising a tomposite according to claixii 101 
positioned at a location where the incident radllation passes through the window prior to 
entering said detector, 

143. A device according to claim A 42, wherein the composite further 
comprises an optically responsive dispersed material in the polymeric material, wherein 
the optically responsive dispersed material is an optical power limiter. 

144. A method for changing the wavelength of radiation comprising: 

providing a composite according to claim 98, and 
exposing the conrposite to radiation, whereby the composite 
changes the wavelength of the radiatk 

145. A method accordij^ to/claim\144, wherein the radiation is laser 
radiation. 

146. A method according U clVm 144, wherein-the composite further 
comprises a laser dye disperse^kiMe polymeric material. 

147. A laser which prodi/ces output radiation having an output wavelength 
comprising: 

a source capable of producing input radiation and 
a composi/e according to claim 98 positioned at a location where 

the input radiation from said sox*ce exposes said composite, whereby said composite 

converts the input radiation to ji output radiation. 

148. A laser according to claim 147, wherein the composite further comprises 

\^/ 

a laser dye dispersed in the polymeric material. 
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149. A laser according to claim 148, wherein each of the laser dyes has a 
response range and the laser is tunable through the response range of each of the laser 
dyes. 

150. A method for producing singlet^ oxygen comprising: 

providing a composition comprising a photosensitizer having 
absorption at a wavelength from about 380 nAi to about 760 nm and a dye capable of 
converting photons having energies of from about 660 to about 1300 nm to photons 
having energies of from about 380 to about ^60 nm and 

exposing the composition to light having a wavelength of from 
about 660 nm to about 1 300 nm in the preslnpe of oxygen to produce singlet oxygen. 



151. A method according to claim 150, wherein the photosensitizer is a 
singlet oxygen generator. 



152. A method according to claim 150, wherein the photosensitizer is a 
photodynamic therapy agent. 



153. A method according 
porphyrin, a porphyrin analog, a 



tofclgim 150, wherein the photosensitizer is a 
{alocy^ine, or a phthalocyanine analog. 



154. A method according jto cla| 
dihematoporphyrin ether. 



150, wherein the photosensitizer is 



155. A method according tpxlaim 1 SfiL^^herein the dye js^a-fwo photon 
upconverter. 

156. A method according to claim 150, wherein the dye is a styryl dye having 
the formula: 




wherein 



D is an electron donating group; 
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Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formpae: 

B 



and 




W is an electron accepting group, 

R3 is a substituted or unsubstituted alkyl moiety or a substituted 
or unsubstituted aryl moiety, 

n is an integer from 0 to 4, 

A, B, and C are substituents of their rings and are each 
independently selected frlim the group consisting of alkyl, alkoxys 
hydroxyalkyl, sulfoalkyl( carboxyalkyl, and hydrogen, and 

Y is a counteriOTL 

157. - A method according tc/claim\l56, wherein n is 0; A is hydrogen; D is an 
amine having the formula NRiR^; Roland jare the same or^different and are 
substituted or unsubstituted jblkyl mQWie^^^©i:^ubsli^ unsubstituted aryl moieties; 
and Q has the formula: 




158. A method according to claim 157, wherein R^ is 2-hydroxyethyl, is 
methyl, and R^ is 6-hydroxyhexyl. 



1 59. A method according to claim 1 56, wherein the dye has the formula: 




Y 
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wherein 

and are the same or different and are substituted or 
unsubstituted alkyl moieties or sutjstituted or unsubstituted aryl 
moieties. 

160. A method according to claim 159, wherein Y is tetraphenylborate or 



iodide. 



161. A method according to claim 1 59, wherein A and B are hydrogen and 
R^ R2, and R^ are the same or different and are selected from the group consisting of 
unsubstituted alkyl, hydroxyalkyl, sulfoalkXand carboxyalkyl. 

162. A method according to claim 161, wherein R^ is unsubstituted alkyl and 
Ri and R3 are selected from the group consisting of hydroxyalkyl, sulfoalkyl, and 
carboxyalkyl. 



163. A method according to claim 159, wherein the dye has the formula: 



HOCH2CH2 

\i 
1 




CH, 



164. A method according to claim 159, wherein the dye has the formula: 




CH. 



165. A method according to claim 159, wherein the dye has the formula: 
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CH2CH20H 



HOCH2CH2 N 



166. A method according to claim 1 59, wherein the dye has the formula 



(CH2)4S03-^ 



HOCH2CH2 N 




167. A method according to claim 149, wherein the photosensitizer is present 
in the composition in a concentration of from^^kb^ut^S to about 150 mg/ml of the 
composition. 



1 68. A method according to clairfr 149, wherein the dye is present in the 
composition in a concentration of from about JL).5 to about 350 mg/ml of the 
composition. 

169. A method according to claiirf 149, wherein said dye to said 
photosensitizer molar ratio is about 500:1 fo about 1:20. 

170. A method of killing cells or vinisesxpmpnsing^ 

providing proximate to^the cells or viruses an effective amount 
of a photosensitizer having absorn^ioriYat^a wavelength from about 380 nm to about 760 

nm; J<lS^ 

providing proximate to the cells or viruses an effective amount 

of a dye capable of converting photons having energies of from about 660 to about 



1300 nm to photons.having an energies of from about 380 to about 760 nm; and 
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exposing the dye to light having a wavelength of fro^ about 660 
to about 1300 nm in the presence of oxygen under conditions effective t.© produce a 
cytotoxic effect on the cells or viruses. 

171. A method according to claim 1 70, further comprising: 

allowing the photosensitizer to accumulate on the cells or viruses 



prior to said exposing the dye. 



/ 



/ 



172. A method according to claim 170, wherein the photosensitizer and the 



/ 




/ 

/1 72, wherein the photosensitizer and the 



dye are provided together. 

173. A method according t 
dye are covalently bonded. 



174. A method according to claim 170, wherein the photosensitizer is a 
singlet oxygen generator. / 

175. A method according to claim 170, wherein the photosensitizer is a 
photodynamic therapy agent. 

176. A method according to claim 170, wherein the photosensitizer is a 
porphyrin, a porphyri/analog, a phthalocyanine, or a phthalocyanine analog. 

/ y 

177. A method according to claim 170, wherein the photosensitizer is 
dihematoporph:^rm ether. 

/ 

Yl^. J A method according to claim 170 wherein the dye is a two photon 
upconverter. 



179. A method according to claim 170, wherein the dye is a styryl dye having 



the formula: 

/ 
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wherein 

D is an electron donating group; 

Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 



and 




W is an electron accepting group, 

R3 is a substituted or unsubstituted alkyl moiety or a substituted 
or unsubstituted aryl moiety, 

n is an intege^ from^0 to 4, 

A, B, and C are sjj^bstituents of their rings and are each 
independently selebteSnrom the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 

Y is a counterion 



1 80. A method according to claim 179, wherein n is 0; A is hydrogen; D is an 
amine having the formul4 NR^R^; Ri and R^ are the same or different and are 
substituted or unsubstituted alkyl moieties or substituted or unsubstituted aryl moieties; 
and Q has the formula: 




SO2-R 



1 8 1 / A method according to claim 1 80, wherein Ri is 2-hydr6xyethy 1, R^ is 
methyl, an^d R^ is 6-hydroxyhexyL 

/ 

i 82 A method according to claim 179, wherein the dye has the formula: 

/ 
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<J9 




wherein 

and are the same or different and'" are substituted or 
unsubstituted alkyl moieties or substituted jor unsubstituted aryl 
moieties. 



iodide. 



183. A method according to claim 182, wherein Y is tetraphenylborate or 




1 84. A method according to/^aim/l 82, wherein A and B are hydrogen and 
Ri, R2, and R^ are the same or different and ^^.sClected from the group consisting of 
unsubstituted alkyl, hydroxy alkyl, sulf^&a^l, and carboxyalkyl. 



185. A method according to claim 1 84, wherein R^ is unsubstituted alkyl and 
R^ and R^ are selected from the gr^oup consisting of hydroxyalkyl, sulfoalkyl, and 
carboxyalkyl. 

1 86. A method according to claim 1 82, wherein the dye has the formula: 



CH. 




(+) 



CH 2 C H 2 



1 87. A method according to claim 1 82, wherein the dye has the formula: 
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H3C N 






188. A method according to claim 182, wherein the'dye has the formula: 



HOCH2CH2 N 




CH2CH2OH 



1 89. A method according to):lair^^ wherein the dye has the formula: 

(CH2)4S03-^ 



HOCH2CH 




190. A method according to claim 1 70, wherein the light is Ti-sapphire laser 
light having a wavelength of from about 780 to about 800 nm. 



191 A method according to claim 1 70, wherein the cells or viruses are in 
vitro . / 

/ / 

92. A method according to claim 191, wherein the cells or viruses are 
contaiifed in a sample of blood. 



ROC 10:93 599 



# .... #> 



193. A method according to claim ( 



cells. 



194. A method according to claim 1)3, wherein said pro\dding the dye is 
effected by administering to the manmial a therapeutically effective amount of the dye 
and wherein said providing the photosensitize 
mammal a therapeutically effective amount ol i 



195. A method according to 
administered in an amount of from abo^ 
weight. 



0, wherein the cells etre cancer or tumo 



• is effected by^dministering to the 
the photo^nsitizer. 



4, wherein the photo sensitizer is 
to ^bout 10 mg/kg of the mammal*s body 



196^ A method acp6rding to claim 194, wherein the dye is administered in an 
amount of from aboutO^o about 50 mg/kg ^f the mammal's body weight. 

197. A i?(^bthod according to claim 194, wherein the photosensitizer and the 
dye are coadnunistered. 



^8. A method according to clairji 197, wherein the photosensitizer and the 
dye^^^ covalently bonded. 

199. A composition comprising 

a photosensitizer l/aving absorption at a wavelength of from 
about 380 nm to about 760 nm and 

a dye capable of cj)nverting photons having energies of from 



about 660 to about 1300 nm to photons 
760 nm. 

200. A composition acc<S 
said dye are covalently bonded. 




ving energies of from about 380 nm to about 



said photosensitizer and 



Waim 199^ 



201 . A composition according to claim 199, wherein said photosensitizer and 
said dye are encapsulated in a liposonwb. 

202. A composition accord/lg to claim 199, wherein said dye to said 
photosensitizer molar ratio is about 600:1 to about 1:20. 

203. A composition according to claim 1^, further comprising a 
pharmaceutical ly acceptable excipient. 
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204. A composition according to claim 
concentration of from about 0.5 to about 350 mg 



205, A composition according to claii^ 
present in a concentration of from about 0.5 to 



203, wherein said dye is present in a 
'ml of said excipient. 



203, wherein said photosensitizer is 
bout 150 mg/ml of said excipient. 



206. A method according to claim 19^, wherein the photosensitizer is a 
singlet oxygen generator. 

207. A method according to claim 1/99, wherein the photosensitizer is a 
photodynamic therapy agent. 



208. A composition according to cjlaim 199, wherein said photosensitizer is a 
porphyrin, a porphyrin analog, a phthalocy^ne, or a phthalocyanine analog. 

209. A composition according t(|claini'l99, wherein said photosensitizer is 
dihematoporphyrin ether. 



210 A complosition according |to claimY99, wherein said dye is a two 
photon upconverter. 



211. A composition according to d 
having the formula: 




^ein said dye is a styryl dye 



wherein 

D is an electfon donating group; 
Q is an eleotron acceptor selected from the group consisting of 
electron acceptorspaving the formulae: 

B 



IT 
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and 




W is an electron accepting group, 
R3 is a substituted or unsubstituted alkyl moiety or substituted or 
unsubstituted aryl moiety, 



n is an integer from 0 to 4, 

A, B, and C are substituents of their rings and are each 
independently selected i^om the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalk>|l, carboxyalkyl, and hydrogen, and 
Y is a counterior 



T 



212. A composition according to claim 211, wherein n is 0; A is hydrogen; D 
is an amine having the formula NR^R^; R^ and R^ are the same or different and are 
substituted or imsubstituted alkyl m(|ieties or substituted or unsubstituted aryl moieties; 
and Q has the formula: 



213. A composition acc 
is methyl, and R^ is 6-hydra 




ing to claim 212,jwherein R^ is 2-hydroxy ethyl, R^ 



214. A composition acc ording to claim 211, wherein said dye has the 



formula: 




wherein 

Ri and/R2 are the same or different and are substituted or 
unsubstituted f^lkyl moieties or substituted or unsubstituted aryl 
moieties. 
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215. 
or iodide. 



A composition according to claim 214, wherein Y is tetraphenylborate 



216. A composition according t6 claim 214, wherein A and B are hydrogen 
and R^, and R^ are the same or differeilt and are selected from the group consisting 
of unsubstituted alkyl, hydroxyalkyl, sulfoklkyl, and carboxyalkyl. 



217. A composition according to 
and R^ and R^ are selected from the group 
carboxyalkyl. 



laim 216, wherein R^ is unsubstituted alkyl 
cbnsisting of hydroxyalkyl, sulfoalkyl, and 



218. A composition according to 
formula: 



claim 214, wherein said dye has the 



HOCH2CH2 




219. A composition according ti claim 214 wherein said dye has the formula: 



220. A composition accoiping to claim 214, wherein said dye has the 
formula: 
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formxila: 



CH2CH2OH 



HOCH2CH2 N 



221 . A composition according to claim 214, wherein said dye has the 



HOCH2CH2 N 



dye molecules; and 




(CH2)4S03^ 



222. A method foryfecordjngMata Comprising: 

proviAing a three^imensional matrix comprising a plurality of 



exposmg^mrst volume element in the three-dimensional matrix 



to actinic radiation for a duration dnd at an intensity effective to alter detectably a 
fraction of the dye molecules contained in the first volume element, wherein the 



fraction is between about 0.3 and 



about 0.7 and wherein the detectably altered dye 



molecules are substantially uniformly dispersed in the first volume element. 



223, A method according to claim 222, wherein the matrix comprises a 
polymer selected from the group consisting of poly(methyl methacrylate), poly(2- 
hydroxyethyl methacrylate), and combinations^^ 

224. A method according to claim 222, wherein the first volume element has 
a volume of from about 0.001 iiw? to about 10 \im^. 



225. A method according to claim 222, wherein the concentration of the dye 
molecules in the matrix is frim about 0.001 M to about 0.4 M. 
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226, A method according to claim 222, wherein the dye molecules are 
detectably altered by a two-photon upconverSion process. 



221, A method according to claim 



detectably altered by a two-photon upconve ^n photobleaching process. 

228. A method according to claim 222, wherein the dye molecules have a 
two-photon absorption cross section of grakter than about IxlO-^^ cm'^-sec. 



226, wherein the dye molecules are 



229. A method according to claSm 222, wherein the dye molecules have the 



formula: 



and 




wherein 



Q is an elecAron acceptor selected from the group consisting of 
electromaccepto^ /having the formulae: 



W is an electron accepting group, 

R3 is L substituted or unsubstituted alkyl moiety or a substituted 
or unsubstituted aryl moiety, 

n is^an integer from 0 to 4, 

A B, and C are substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxy a'lkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 

Y is a counterion. 
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230. 
formula: 



A method according to claim 229/ wherein the dye molecules have the 



HOCH2CH2 




SO2 (CH2)6 OH 



23 1 , A method according to claim 222, wherein the fraction of the dye 



molecules detectably altered in the first volxime element is controlled by adjusting the 
duration for which the first volume element is exposed to the actinic radiation. 

/ ^ 

232. A method according to claim 222, wherein the fraction of the dye 
molecules detectably altered in the first volume element is controlled by adjusting the 
intensity to which the first volurfie|el^ment is exposed. 



233 . A method according to claim 222 further comprising: 

ft 

exposijig a second volxune element to actinic radiation for a 
duration and at an intensitj^ffectiye to alter detectably a fraction of the dye molecules 
contained in the second volumfe e^ment, wherein the fraction of the dye molecules 
detectably altered in the secorid volume element is detectably different than the fraction 
of the dye molecules detectallly altered in the first volume element; and 

exposing a third volume element to actinic radiation under 
conditions effective to alterf detectably a fraction of the dye molecules contained in the 
third volume element, wherein the fraction of the dye molecules detectably altered in 
the third volume element is detectably different than the fraction of the dye molecules 
detectably altered in the first and second volunie elements. 



234. A method according to claim 222 further comprising: 

Exposing, individually, each of 254 additional volume elements 
to actinic radiation for a duration and at an intensity effective to alter detectably a 
fraction of the dye m()lecules contained in each of the 254 additional volume elements, 
wherein the fractior/of the dye molecules detectably altered in each of the 254 
additional volume elements is detectably different than the fraction of the dye 
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molecules detectably altered in each of the other 254 additional volume elements and in 
the first volume element. 

235. A method according to claini 2^2, wherein the actinic radiation is laser 
radiation. 

236. A method according to claini 235, wherein the laser radiation is focused, 
pulsed laser radiation having an intensity ^f from about 1 MW/iam^ to about 100 MW/ 
[im^ at the first volume element. 



237. A method according to claim 235, wherein the laser radiation is 
provided by a laser beam focused on the furst volume element. 



238. A method according to claim 237, wherein the laser beam is focused on 
the first volume element by a confocal microscope. 

239. A method according/to claim 235, wherein the laser radiation is 
provided by two or more laser beams which intersect at the first volume element. 



240. A method according to claim 235, wherein the laser radiation is 
provided by a laser beam and wherein said method further comprises: 

moving tl/e laser beam relative to the matrix to another volume 



element and 

expqging the another volume element to the laser radiation for a 
duration and at an intensf^ffechve to altgpdetectably a fraction of the dye molecules 
contained in the anotheyvolm»©-©lp^^ 

241 . A method according to clairn 240, wherein the laser beam is focused at a 
focal point and wherein said moving comprises: 

shifting the laser beam relative to the matrix in an X-Y plane 

within the matrix, wherein the/X-Y plane is orthogonal to the laser beam and 

shidinfe the laser beam's focal point relative to the matrix along a 
/ / 

Z axis coincident with the jAser beam. 

242. A metho/i according to claini 240, wherein the laser radiation is 
provided by two inte/secting laser beams and wherein said moving comprises: 

shifting one of the laser beams relative to the matrix in an X-Y 
plane within the matrix and . 
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shifting the second laser beam relative to the matrix in an X-Z 
plane within the matrix. . 

243. A method according to claim wherein the data corresponds to a 
two-dimensional image comprising a two-dimensional array of pixels, each pixel 
having a value associated therewith, said methoja further comprising: 

exposing a two-dimensional array of volume elements in three- 
dimensional matrix to actinic radiation for a diiration and at an intensity effective to 
alter detectably a fraction of the dye molecules contained in each volume element, 
wherein the fraction of dye molecules detectably altered in each volimie element 
correlates to the value associated with the copresponding pixel. 

244. A method according to clain^ 243, wherein the value associated with 
each pixel is the pixel's gray level. 

245. A method according to claiin ^3, wherein the image is a color image 
and wherein the value associated with eadi pixel is the pixel's color density. 

246. A method according to ciiim443, wherein each pixel has a second value 
associated therewith, said method furthef comprising: 

exposing a secoiKHwo-dimensional array of volume elements in 
the three-dimensional matrix to actirnc i/adiation for a duration and at an intensity 
effective to alter detectably a fracrfon of the dye molecules contained in each of the 
second two-dimensional array's /Volumd elements, wherein the fraction of dye 
molecules detectably altered in each of the second two-dimensional array's volume 

elements correlates to the second value associated with the corresponding pixel. 

/ \ 

247. A method accord^g\i claim222, wherein the data corresponds to a 
number of two-dimensionaljj^ges, gnchof the two-dimensional images comprising a 
two-dimensional array of pixels, each pixeTITaving a value associated therewith, said 
method further comprising: I 

exposing a plurality of two-dimensional arrays of volume 
elements in the three-dimensional matrix to actinic radiation for a duration and at an 
intensity effective to alter detectably a fraction of the dye molecules contained in each 
of the plurality of two-dimensional arrays' volume elements, wherein the fraction of 
dye molecules detectably altered^in each of the plurality of two-dimensional arrays' 
volume elements correlates to tlie value associated with the corresponding pixel of the 
corresponding pixel. 
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248. A method for recording data comprising: 

providing a three-dimensional matrix comprising a plurality of 
dye molecules having the formula: 




Q 



wherein 

D is an electron donating group; 
Q is an electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 



and 



W is an ele 
R3 is a su 




s^epting group, 

ated alkyl moiety or a substituted 



or unsubstituted aryl' moiety, 

n is an integer from 0 to 4, 

A, B, and Cf are substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoalkyl, carboxyalkyl, and hydrogen, and 

Y is a counterion 



and 

exposing/at least one volume element in the three-dimensional 
matrix to actinic radiation under conditions effective to alter detectably all or a fraction 
of the dye molecules contained in the at least one of the volume elements. 



249. A method according to claim 248, wherein n is 0; A is hydrogen; D is an 
amine having the formula NRiR^; and R2 are the same or different and are 
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substituted or unsubstituted alkyl moieties or substituted or unsubstituted aryl moieties; 
and Q has the formula: 




SO2 -R^ 



250. A method according to claim/248, wherein is 2-hydroxyethyl, is 
methyl, and R^ is 6-hydroxyhexyl. 



251. A method according to claim 248, wherein the dye molecules have the 



formula: 




wherein 

R^ and R^ aj:@-th5"^same or different and are substituted or 
unsubstituted aHcyl moieties^r substituted or unsubstituted aryl 



moieties. 



iodide. 




252. A method/according to'clain ^25 1 , wherein Y is tetraphenylborate or 



253. A method according to clainr 25 1 , wherein A and B are hydrogen and 
Ri, R2, and R3 are the same or different and are selected from the group consisting of 
unsubstituted alkyl, hydroxyalkyl, sulfoalkyl, and carboxyalkyl. 



254. A method according to claim 253, wherein R^ is unsubstituted alkyl and 
Ri and R^ are selected from the group consisting of hydroxyalkyl, sulfoalkyl, and 
carboxyalkyl, 

255. A method according to claim 248, wherein the dye molecules have the 
formula: 
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HOCH2CH2 N 



CH. 



256. A method according to clkim'z48, wherein the dye molecul^^ 



formula: 




257. A method accord^flgjtQ claim 248, wherein the dye molecules have the 



formula: 



HOCH2CH2 N 




CH2CH2OH 



CH2CH3 



258. A method according to claim 248, wherein the dye molecules have the 
formula: 
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HOCH2CH2 



N 

I 

CH 





SO5 (CH2)6 OH 



259. A data storage medivim comprising: 

a three-dimensional matrix comprising a first volume element; 

a plurality of dye mjolecules substantially uniformly dispersed 
said three-dimensional matrix, wherein a fraction between about 0.3 and about 0.7 of 
the dye molecules contained in the first vplxime element are detectably altered and 
wherein the detectably altered dye molecjules are substantially uniformly dispersed 
through the first volume element. 

260. A data storage medium according to claim 259, wherein the matrix 
comprises a polymer selected from the troup consisting of poly(methyl methacrylate), 
poly(2-hydroxyethyl methacrylate), and combmations thereof 

261 . A data storage medium] according to claim 259, wherein the first 
volume element has a volume of frorilahout 0.001 [im? to about 10 yim^. 



262. A data storage mediurh according to claim 259, wherein the 



concentration of the dye molec|(les iA thematrix is frorn^ut 0.001 M to about 0.4 M 
263 . A data storage medt^ accordingT5^1aim-259, wherein the dye 



molecules are detectably alterable 



y a two-photon upcpnversion process 



264. A data storage medium according to claim 263, wherein the detectably 
altered dye molecules are photobleached. 

265. A data storage me/dium according to claim 259, whereiathe dye 
molecules have a two-photon absorption cross section of greater than about 1x1 0-^^ 
cm'^-sec. 

' 266. A data storage/medium according to claim 259, wherein the dye 
molecules have the formula: 
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wherein 



D is an electron/donating group; 

Q is an electrorJ acceptor selected from the group consisting of 



electron acceptors havi 



and 



or unsubstituted aryl 
n is an integ€ r 
A, B,UdC 

independently sel^ 



ig the formulae: 





w 



W is an elect on accepting group, 

is a s\Asti uted or unsubstituted alkyl moiety or a substituted 



moiety, 
/I 

froin 0 to 4 

/ 



3tt^e sufi^tituents-ofiKeir rings and are each 
;ed from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoilkyl, carboxyalkyl, and hydrogen, and 
Y is a count< ;rion. 



267. A data storage medium according to claim 266, wherein the dye 
molecules have the formula: 



SO2 (CH^)^— OH 



HOCH2CH2 
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268. A data storage medium according to claim 259, wherein the three- 
dimensional matrix further comprises: 

a second volume elentent, wherein a fraction of the dye 
molecules contained in the second volume element are detectably altered and wherein 
the fraction of the dye molecules detectably! altered in the second volume element is 
detectably different than the fraction of the/dye molecules detectably altered in the first 
volume element; and / 

a third volume element, wherein a fraction of the dye molecules 
contained in the third volimie element ar^^ detectably altered and wherein the fraction of 
the dye molecules detectably altered in the third volume element is detectably different 
than the fractions of the dye molecules ^^etectably altered in the first and second volume 
elements. 



269. A data storage mediumf according to claim 259, wherein the three- 
dimensional matrix further comprises?. 

254 additional Ivolume elements, wherein a fraction of the dye 
molecules contained in each of the 254 additional volume elements are detectably 
altered and wherein the fraction ctf the dyfesmolecules detectably altered in each of the 
254 additional volume elements is detectabl\differen^ than the fraction of the dye 
molecules detectably altered in each' of^e othl^r 254 additional volume elements and in 
the first volume element. 



270 . A data storage r&^ium comprising: 

a three-dimensional matrix and 

a plurality of dye molecules having the formula: 




wherein 

D is an Electron donating group; 
Q is an/electron acceptor selected from the group consisting of 
electron acceptors having the formulae: 
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and 




W is an electronf accepting group, 

R3 is a substituted or unsubstituted alkyl moiety or a substituted 
or unsubstituted aryl rnoiety, 

n is an integer from 0 to 4, 

A, B, and C ^e substituents of their rings and are each 
independently selected from the group consisting of alkyl, alkoxy, 
hydroxyalkyl, sulfoilkyl, carboxyalkyl, and hydrogen, and 



Y is a counterion 



substantially uniformly dispersed in said three-dimensional matrix 



271 . A data storage med:ium according to claim 270, wherein the three- 



dimensional matrix comprises a fi 



/olume element and wherein all or a fraction of 



the dye molecules contained iimfe first\olume element are detectably altered. 



272- A data storage me<^um accoMing to claim 270, wherein n is 0; A is 
hydrogen; D is an amine iWi^ and are the same or different 

and are substituted or unsubstittited alkyl moieties or substituted or unsubstituted aryl 
moieties; and Q has the formula': 

SO2 -R^ 




273. A data storage rriedium according to claim 270, wherein is 2- 
hydroxyethyl, R^ is methyl, and R^ is 6-hydroxyhexyl. 

f 
t 

214. A data storage medium according to claim 270, wherein the dye 
molecules have the formula: 
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wherein 

R} and are the sam^or different and are substituted or 
unsubstituted alkyl moieties (pr substituted or unsubstituted aryl 
moieties. 

275. A data storage medium according to claim 274, wherein Y is 
tetraphenylborate or iodide. / 




276. A data storage medium according to claim 274, wherein A and B are 
hydrogen and R^, and R^ are tfie^s^e or different and are selected from the group 
consisting of imsubstituted alkyj( hydroWalkyl, sulfoalkyl, and carboxyalkyl. 



277. A data storage medium accdrding to claim 276, wherein R^ is 
unsubstituted alkyl and R^ ahd R^ ^^^elected fromjhe^roup consisting of 
hydroxyalkyl, sulfoalkyl, ank^arooxyalkyT 

278. A data storage medium according to claim 270, wherein the dye 
molecules have the formula: 



HOCH2CH2 —h N 




CH2CH3 



279. A data storage medium according to claim 270, wherein the dye 
molecules have the formul4: 
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280. A data storage medium accorc^ng to claim 270, wherein the dye 
molecules have the formula: 



CH2CH2OH 



HOCH2CH2 




HOCH2CH2 N 



28 1 . A data storage medium/according to claim 270, wherein the dye 
molecules have the formula: 

so. — (OH^)^ — OH 



282. A method ofreading data comprising: 

providing ain data storage medium according to claim 259 and 
detecting me fraction of the dye molecules contained in the first 
volume element that are detectaJoly altered. 



283 . A method according to claim 282, wherein the dye molecules are two- 
photon upconversion fluores^ers and wherein the detectably altered dye molecules are 
photobleached, said detecting comprising: 
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exposing the first volume element to actinic radiation effective to 
induce the dye molecules in the first volume element other that the detectably altered 
dye molecules to two-photon upconversion fluoresce; 

detecting the fluorescence; and 

correlating the vfluorescence with the firaction of the dye 
molecules contained in the first volume element that are detectably altered. 




284. A method according tp claim^83, wherein the detecting is carried out 
using a confocal microscope. 



285. A method according to claim 283, wherein the exposing the first volume 
element to actinic radiation is ineffective to photobleach the dye molecules contained in 
the first volume element. 



286. A method for readinfs 
providing a 
detecting th( ; 
volume element that are detectablj 



287. A method accordin g 



data comprising: 
I lata storage medium according to claim 271 and 
firaction of the dye molecules contained in the first 
altered. 



inr=^86^ 



wherein the detectably altered dye 



molecules are photobleached, s^fdetectmg comprising: 

exposir^ tl::e first vqdume element to actinic radiation effective to 
induce the dye molecules in/the first^vomm element other that the detectably altered 
dye molecules to two-photpn upc^nverslc^ fluoresce; 

detel^ing/tie fluorlescence; and 

correlating the fluorescence with the fraction of the dye 
molecules contained in the first \olume elenWt that are detectably altered. 



288. A method according to claim 287, wherein the detecting is carried out 
using a confocal microscope. 



289. A method accoraing to claim 287, wherein the exposing the first volume 
element to actinic radiation is ineffective to photobleach the dye molecules contained in 
the first volume element. 1/ 
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